Objective-The purpose of this study was to investigate the effects of plasminogen activator inhibitor-1 (PAI-1) gene (SERPINE1) single nucleotide polymorphisms (SNPs) on the risk of myocardial infarction (MI), on PAI-1 levels, and factors related to the metabolic syndrome. Methods and Results-Eleven SNPs capturing the common genetic variation of the SERPINE1 gene were genotyped in the HIFMECH study. In the 510 male cases and their 543 age-matched controls, a significant gene-smoking interaction was observed. In nonsmokers, the rs7242-G allele was more frequent in cases than in controls (0.486 versus 0.382, Pϭ0.013) whereas the haplotype derived from the rs2227631 (Ϫ844AϾG)-G and rs2227683-A alleles was Ϸ3-fold lower in cases than in controls (0.042 versus 0.115, Pϭ0.006). SERPINE1 haplotypes explained 3.5% (Pϭ0.007) of the variability of PAI-1 levels, which was attributable to the combined effects of 3 SNPs, Ϫ844AϾG, rs2227666, and rs2227694. The rs6092 (Ala15Thr) and rs7242 SNPs acted additively to explain 4.4% of the variability of plasma insulin levels and 1.6% of the variability of BMI (PϽ10 Ϫ3 and Pϭ0.023, respectively). Conclusions-SERPINE1 haplotypes are mildly associated with plasma levels of PAI-1 and with the risk of MI in nonsmokers. They are also associated with insulin levels and BMI. (Arterioscler Thromb Vasc Biol.
I n blood, fibrinolysis breaks down fibrin and maintains vessel patency, and in tissues it breaks down the extracellular matrix and controls cell adhesion and migration and thus participates in tissue remodeling. Fibrinolysis is primarily regulated by plasminogen activator inhibitor type-1 (PAI-1), which controls the extent of this potentially destructive protease system. [1] [2] [3] Increased PAI-1 levels may predispose patients to the formation of atherosclerosis plaque prone to rupture, with a high lipid-to-vascular smooth muscle cells ratio as a result of decreased cell migration. 4 In humans, there is clinical evidence that increased PAI-1 levels are associated with atherothrombosis. 5, 6 In large epidemiological studies, elevated plasma PAI-1 levels have been identified as a predictor of myocardial infarction (MI). [7] [8] [9] [10] [11] Remarkably, the predictive ability of PAI-1 disappears after adjustment for markers of the metabolic syndrome (MetS), 8, [12] [13] [14] [15] [16] suggesting that the MetS is a prerequisite to high plasma PAI-1 levels in patients prone to atherothrombosis. Moreover, it has been hypothesized that PAI-1 participates in the development of key features of the MetS. Indeed, several studies [17] [18] [19] [20] showed that high plasma PAI-1 levels independently predict the development of type II diabetes. Whether PAI-1 plays a direct role in MI, MetS, or diabetes, or is only a bystander, is difficult to assess in humans. One way to verify this hypothesis is to look for a relation between single nucleotide polymorphisms (SNPs) influencing PAI-1 expression or activity, MI, and parameters belonging to the MetS. Several SERPINE1 (formerly PAI-1) gene SNPs have been identified, [21] [22] [23] among which the polymorphism 4G/5G (rs1799889) located in position Ϫ675 of the promoter region has been quite extensively studied. The 4G allele has been shown to be associated with increased SERPINE1 transcription compared with the 5G allele in in vitro studies 21, 24 and with increased plasma PAI-1 levels in vivo. 22 A large systematic review found that the 4G/4G genotype was associated with a modest 1.2-fold increased risk of MI. 25 We have shown, in a previous report of the HIFMECH study, that the Ϫ675 4G/5G polymorphism is associated with the risk of MI but that this effect is considerably influenced by the presence of underlying MetS. 26 Results about the relation between this polymorphism and variables related to the MetS were however contradictory, carriers of the 4G allele being more prone to obesity and MetS in some studies 22,23,26 -28 but not in others. 29 -32 One possible explanation for these observed discrepancies could be that other SERPINE1 SNPs in linkage disequilibrium (LD) with the 4G/5G polymorphism are associated with MetS, suggesting that haplotype analysis of SERPINE1 SNPs could be of great interest. For example, another potentially functional polymorphism of the promoter, 33 Ϫ844AϾG (rs2227631), in strong LD with the 4G/5G polymorphism, could be responsible, instead of the 4G/5G, for the association between PAI-1, MetS, and MI. Three haplotype association studies have recently been performed to address the influence of SERPINE1 SNPs on PAI-1 plasma levels and on the risk of cardiovascular disease. 34 -36 Kathiresan et al 34 have shown that SERPINE1 SNPs explained about 5% of the variability of PAI-1 plasma levels and this association could be attributable to 3 SNPs, rs6465787, rs2227674, and Ϫ844AϾG. This haplotype analysis could not completely exclude the possibility that the effect of the Ϫ844AϾG SNP was the consequence of its strong LD with the Ϫ675 4G/5G. On the contrary, Ding et al, 35 using a similar approach, showed that the SERPINE1 effect on PAI-1 plasma levels seems to be restricted to the Ϫ675 4G/5G polymorphism, however, they did not study the effect of the Ϫ844AϾG. Neither of these studies found any relation between common haplotypes of the SERPINE1 and the overall risk of cardiovascular disease. However, Su et al, 36 in a group of Chinese subjects, detected a SERPINE1-smoking interaction on CHD risk, such as the main haplotype carrying the Ϫ844A and Ϫ6754G allele significantly increased the risk of CHD in nonsmokers only.
The aim of our study was to simultaneously evaluate, in a case-control study of White individuals, the association of SERPINE1 SNPs with MI, plasma PAI-1 levels, and metabolic parameters using a haplotype-based approach. We aimed to test whether the association already described between the SERPINE1 variants and myocardial infarction could be first modulated by smoking and secondly be partly the result of the relationship between these variants and some features of the metabolic syndrome.
Materials and Methods

Study Subjects
Full details of the study design and recruitment criteria are presented elsewhere. 26 Male survivors of a first MI aged Ͻ60 years (excluding patients with familial hypercholesterolemia and insulin dependent diabetes mellitus) and population-based individuals of the same age were recruited from the 4 centers as part of the HIFMECH study: Stockholm (Sweden), London (UK), Marseille (France), and San Giovanni Retondo (Italy). Consecutive patients were invited to participate, along with randomly selected healthy individuals from the same catchment areas. In all, a total of 510 postinfarction patients and 543 controls were included in the present study. Postinfarction patients were investigated 3 to 6 months after the acute event. Patients and control subjects were examined in parallel in the early morning after an overnight fast. Height and weight were recorded and the body mass index (BMI) was calculated as kg m Ϫ2 . Smokers were considered as current or ex-smokers at the time of the MI onset.
Determination of PAI-1 antigen was centrally performed with a commercially available kit (Asserachrom PAI-1; Stago). Each plasma sample was run in duplicate. Interassay variation coefficient of pooled plasma from 30 healthy volunteers was 8%. Assay method for insulin has been described. 37
Choice of PAI-1 Tag Polymorphisms
SERPINE1 has been sequenced by the Seattle SNPs program for Genomics Application project in 23 individuals of European ancestry (http://pga.gs.washington.edu/). From the identified SNPs spanning 13 kb of the SERPINE1 gene, the minimum number of SNPs (tag SNP) required to characterize 100% of the haplotypic diversity of the SERPINE1 gene was determined. 10 tag SNP with minor allele frequency Ͼ0.04 were found to be enough to fully characterize this gene and were further genotyped in the HIFMECH study. These are rs2227631 (Ϫ844AϾG), rs6092 (Ala15Thr), rs7242, rs2227708, rs2227662, rs2227666, rs2227667, rs2227672, rs2227683, rs2227694. The rs1799889 (Ϫ675 4G/5G) was also genotyped as it is widely used in SERPINE1 genetic studies, has been shown to be functional, 24 and is associated with PAI-1 plasma levels.
Genotyping were performed under contract by Kbioscience, Cambridge, UK (http://www.kbioscience.co.uk), except for 4G-675 5G, which was genotyped by allele specific polymerase chain reaction (PCR), using the following primers (5ЈϾ3Ј): forward: TCAGCCA-GACAAGGTTGTTG, reverse: TTTTCCCCCAGGGCTGTCCA, 4G: GTCTGGACACGTGGGGA, 5G: GTCTGGACACGT-GGGGG. PCR conditions were an initial denaturation step of 1'30 at 95°C, followed by 35 cycles of these 3 steps: 95°C: 30", 62°C: 45", 72°C: 1' and then a final extension step of 5' at 72°C. PCR were then kept at 15°C for immediate use or frozen for later use.
Statistical Analysis
Allele frequencies were estimated by gene counting, and departure from Hardy-Weinberg (HW) equilibrium was testing using a 2 with 1 degree of freedom. Allele frequencies were compared between cases and controls by use of a 2 with 1 degree of freedom. Conditional logistic regression analysis for matched case-control study was used to investigate the association between MI and explanatory variables. Genotypic association of SERPINE1 polymorphisms with plasma PAI-1 and insulin levels was first investigated by use of a classical linear model. Plasma PAI-1 and insulin were square-root and log-transformed to remove positive skewness, respectively.
LD analysis was carried by the THESIAS software 38 (www. genecanvas.org) based on the SEM algorithm. 39 The extent of LD was expressed in terms of DЈ. 40 THESIAS was also used for haplotype analyses. For the haplotype analyses, systematic analyses of all possible combinations of 1 to 9 polymorphisms were carried out to reduce the haplotype dimension and to search for the most informative and parsimonious haplotype configuration in terms of prediction of the phenotypes variability using the previously described Akaike's Information Criterion-based strategy. 41, 42 The homogeneity of allelic and haplotypic effects across North and South or across cases and controls was assessed by the Mantel-Haenszel statistics. 43 All analyses were adjusted for age, gender, smoking, center, and case-control status when appropriate. A probability value of Ͻ0.05 was taken as statistically significant.
Results
Baseline Characteristics of Cases and Controls
Cases were more likely to be smokers and suffer from diabetes. Parameters of the MetS such as BMI, plasma insulin, and triglycerides (TG) levels were significantly higher in cases than in controls (supplemental Table I , available online at http://atvb.ahajournals.org). PAI-1 levels were significantly higher in cases than in controls (40.10Ϯ28.46 versus 29.48Ϯ22.50 ng/mL, PϽ10 Ϫ4 ), an effect seen in both the North (42.64 versus 31.85 ng/mL) and South (38.28 versus 27.82 ng/mL). As expected, plasma PAI-1 levels were highly correlated with insulin levels, ‚ϭ0.44 and ‚ϭ0.37 in controls and cases, respectively (both PϽ10 Ϫ4 ), but also to BMI (‚ϭ0.43 and ‚ϭ0.24, PϽ10 Ϫ4, respectively) and with TG (‚ϭ0.38 and ‚ϭ0.30, PϽ10 Ϫ4 , respectively).
Description of Studied SERPINE1 SNPs
Among the 11 genotyped polymorphisms, 1 was found to be nonpolymorphic (rs2227662), whereas the rs2227708 was relatively rare (frequency of 0.012 in the whole HIFMECH study). Therefore, as shown in Figure 1 , the present analysis focused on 9 polymorphisms, rs2227631 (Ϫ844AϾG), rs1799889 (Ϫ675 4G/5G), rs6092 (Ala15Thr), rs2227666, rs2227667, rs2227672, rs2227683, rs2227694, and rs7242 (ϩ11061 TϾG). The genotype distribution of all the SNPs were in HW equilibrium and their allele frequencies were very similar in North and South (supplemental Table II ). Pairwise LD was relatively strong between all polymorphisms, except for the rs2227683 and rs2227694 that showed moderate LD with the Ϫ844AϾG and Ϫ675 4G/5G SNPs. As a consequence, 9 haplotypes with frequency greater than 3% were inferred and accounted for about 93% of the whole chromosomes (see below). As the pattern of LD and the resulting haplotypic structure were very similar in North and South (supplemental Table III ), the following analyses were performed on the whole HIFMECH sample, while checking for this homogeneity of the associations across regions.
Association of SERPINE1 SNPs With MI
In the whole sample, none of the polymorphisms was significantly associated with MI either using single-locus (supple-mental Table IV) or haplotype (Table 1) analyses. The rs6092-Thr allele was carried by only 1 haplotype and tended to be less frequent in cases than in controls (0.099 versus 0.125), but this difference failed to reach significance (Pϭ0.07). However, the association of SERPINE1 SNPs with MI was found to be modulated by smoking. Two SNPs were associated with MI only in nonsmokers (supplemental Table  V ). Although SERPINE1 haplotypes were not associated with MI in smokers (Pϭ0.42), they were highly associated with MI in nonsmokers (Pϭ0.004). The best model in terms of predicting MI status in nonsmokers included 3 polymorphisms, Ϫ844AϾG, rs2227683, and rs7242 ( Table 2) . Table  2 also includes the information on the Ϫ675 4G/5G, to examine in more detail its contribution on the risk of MI. Consistent with univariate analysis, the rs7242-G allele carried by 1 frequent haplotype (H2) was more frequent in cases than in controls (0.486 versus 0.383, Pϭ0.013). Because the effect of this haplotype that also carries the Ϫ844A allele was not significantly different from the 3 other haplotypes carrying the Ϫ844A allele (H1, H3, H4; Pϭ0.27), it cannot be completely excluded that the effect of the rs7242 SNP was attributable to its LD with the Ϫ844AϾG. In addition, the frequency of the haplotype carrying the Ϫ844G and rs2227683-A alleles (H6) was Ϸ3-fold lower in nonsmoker cases than in nonsmoker controls (0.042 versus 0.115, Pϭ0.006). It is important to note that the Ϫ6754G/5G does not participate in this gene x smoking interaction.
Association of SERPINE1 SNPs With PAI-1 Levels
Although effects were generally larger in cases than control (supplemental Table VI ), there was no significant evidence for genetic effect heterogeneity (all PϾ0.15) nor across smokers and non-smokers (data not shown). Therefore, Table  3 provides a full description of the single-SNP association analyses in the whole HIFMECH study. Four SNPs, Ϫ844AϾG, Ϫ675 4G/5G, rs2227667, and rs2227672, were significantly associated with PAI-1 levels. Overall, the percentage of variance explained by these SNPs were 1.25% (Pϭ0.002), 1.12% (Pϭ0.004), 0.77% (Pϭ0.02), and 0.72% (Pϭ0.03), respectively. SERPINE1 haplotypes were significantly associated with PAI-1 levels (Pϭ0.007) and explained 3.8% (Pϭ0.05) and 3.1% (Pϭ0.11) of the variability of PAI-1 levels in controls and cases, respectively (supplemental Table VII ). The best model found in the systematic exploration of haplotype effects in relation to PAI-1 levels included the Ϫ844AϾG (already found to be associated with the risk of MI in nonsmokers), rs2227666, and rs2227694 polymorphisms. Detailed haplotype analysis of these 3 polymorphisms is summarized in Figure 2 . The information on the Ϫ6754G/5G SNP is also provided to get better insight into its contribution on PAI-1 levels variability. Firstly, the Ϫ844G allele was carried by 2 haplotypes that differed only at position rs2227694 and were both associated with similar PAI-1 levels (2.33 versus 2.14, Pϭ0.51). By comparison to the most frequent A[4G]GG haplotype, these 2 haplotypes were associated with lower PAI-1 levels (2.55 versus 2.30,Pϭ0.02), a result compatible with an increasing effect on PAI-1 levels of the Ϫ844A allele. The observation that the unique haplotype pair A[4G]GG and A[5G]GG that differed only at the Ϫ6754G/5G locus did not show difference in PAI-1 levels (2.55 versus 2.59, Pϭ0.87) would additionally suggest that the effect of the Ϫ675 to 4G/5G polymorphism observed in univariate analysis was the consequence of its LD with other SERPINE1 SNPs. In addition, 2 haplotypes, A[4G]GA and A[4G]AG, were associated with higher mean PAI-1 levels than the most frequent haplotype (3.02 versus 2.55 and 3.01 versus 2.55, respectively; Pϭ0.03 for both). Because the A[4G]AG haplotype is the only one carrying the rs2227666 A allele, these results would suggest an increasing effect on PA-I levels of the rs2227666A allele in addition to an increasing effect of the rs222794 A allele when associated with the Ϫ844A allele on the same haplotype. These effects were similar in controls and cases, in North and South, and in smokers and nonsmokers (data not shown).
Association of SERPINE1 SNPs With Metabolic Parameters
In univariate analysis, the rs7242 was found to be significantly associated with insulin levels in cases only (supplemental Table VIII ). No single locus nor haplotype effects 
Controls nϭ519
Cases nϭ478
Global likelihood ratio test of association 2 ϭ 6.25 with 8 df, Pϭ0.62 9 haplotypes with frequency greater than 3% were inferred and accounted for 93% of all chromosomes. Tests were performed on values adjusted for age, center, and alcohol.
Morange et al SERPINE1 Haplotypes and Myocardial Infarction
were observed in controls (test for homogeneity between cases and controls for the rs7242 Pϭ0.039, supplemental data). Conversely, haplotype analysis revealed that the Ala15Thr and the rs7242 SNPs were strongly associated with insulin levels in cases. These 2 SNPs defined 3 haplotypes (Table 4 ) that were highly associated with insulin (R 2 ϭ4.4%, 2 ϭ15.89 with 2 df, PϽ10 Ϫ3 ). By comparison to the most frequent Ala-T haplotype, both Ala-G and Thr-T haplotypes were associated with higher insulin levels (Table 4 ). These results were compatible with independent and increasing effects of the Thr15 (ϩ0.24 [0.05 to 0.43], Pϭ0.015) and rs7242 G (ϩ0.17 [0.08 to 0.27], PϽ10 Ϫ3 ) alleles. These effects were similar in smokers and nonsmokers (data not shown), and were independent of other SERPINE1 SNPs such as the Ϫ844AϾG, Ϫ675 4G/5G, and rs227683 (supplemental Table IX ). The same pattern of association was observed with BMI, the rs6092 and rs7242 SNPs explaining 1.6% of the variability of BMI (Pϭ0.023) in cases only (supplemental Table X ). No SERPINE1 genotype or haplotype was associated with a significant effect on TG levels.
Discussion
The main findings of the study are that different SERPINE1 haplotypes are associated with the risk of MI in nonsmokers and with plasma levels of PAI-1 in both cases and controls and with insulin and BMI in cases. In all, 6 SNPs were associated with these different clinical and biological phenotypes ( Figure 1 ). The Ϫ844AϾG is particularly of interest as it is both related with MI in nonsmokers and with plasma PAI-1 levels. As previously reported in Chinese Han subjects, 36 a highly significant gene x smoking interaction was detected, characterized by a strong association of SERPINE1 haplotypes with MI in nonsmokers only. In nonsmokers, the rs7242 SNP was associated with MI, as the rs7242-G allele was more frequent in cases than in controls (0.51 versus 0.41). This allele was carried out by only 1 haplotype, a haplotype that also carries the Ϫ844A and Ϫ675 to 4G alleles, and that was found to be associated with higher risk of MI in nonsmoking Chinese. 36 Because of the strong LD, it is not possible to determine whether rs7242 or the Ϫ844AϾG is responsible for the observed association. However, haplotype analysis revealed that the Ϫ675 4G/5G is unlikely to explain this association. In addition, we observed that the frequency of the haplotype defined by the Ϫ844-G and rs2227683-A alleles was Ϸ3-fold lower in cases than in controls. Thus, the Ϫ844AϾG polymorphism is more relevant than the Ϫ675 4G/5G for the association with MI in nonsmokers.
The fact that the impact of the SERPINE1 polymorphisms on MI was only observed in nonsmokers remains puzzling. We can hypothesize that SERPINE1 SNPs effect is relatively modest so that it is overwhelmed by the strong effect of smoking on risk. However, only 84 cases and 201 controls were nonsmokers, and this result must be replicated in a larger study conducted in nonsmokers. In HIFMECH, besides its effect on the risk of MI in nonsmokers, the Ϫ844AϾG SNP was also associated with PAI-1 plasma levels. It must be underlined that this SNP explained only a small amount of PAI-1 levels variability (1.25%) and that this association may not be of clinical relevance. As it has been also implicated in the regulation of the SERPINE1 gene, as a part of an Ets nuclear protein consensus sequence binding site, 33 the effect of the Ϫ844AϾG could be attributable to modifications of SERPINE1 expression. In the present study, the observation that adjustment for PAI-1 plasma levels did not modify the relation between SERPINE1 haplotypes and the MI risk in nonsmokers suggests that PAI-1 plasma levels might not reflect the local expression of PAI-1. This latter hypothesis is supported by the fact that PAI-1 mRNA expression is increased in the endothelial cells located in the vicinity of thrombi, and that this overexpression is not correlated with plasma PAI-1 antigen levels. 44 Besides a direct effect via modification of PAI-1 expression in the arterial wall, SERPINE1 polymorphisms could influence the risk of MI by influencing well-known cardiovascular risk factors such as the MetS. Indeed, several studies conducted in vitro and in vivo support a role of SERPINE1 in the development MetS (reviewed in 45 ). This led us to study the association between SERPINE1 SNPs and several variables of the MetS such as BMI, insulin, and TG. Haplotype analysis revealed that 2 polymorphisms, rs6092 and rs7242, independently affect BMI and plasma insulin levels in cases. The rs6092 could be of functional importance as it is an Ala15Thr located in the central hydrophobic core of the PAI-1 signal peptide. 23 The Ala15 allele increases hydrophobicity and ␣-helix propensity, indicating that it could stabilize the ␣-helix confirmation of the signal peptide. These 2 properties are known to be important in signal peptide function and, therefore, the mutations might modulate the secreted PAI-1 level. Lopes et al 23 have shown that the Ala15 allele tended to be associated with a higher risk of CHD in diabetic subjects. In the present study, in univariate analysis, the Ala15 allele tended to be more frequent in individuals with MI as compared with those without, however this difference did not reach significance (Pϭ0.06). As regards the rs7242 polymorphism located in the 3Ј untranslated region of the SERPINE1 gene, no specific information on a functional role is available; however, studies to investigate its functional impact could be useful because this polymorphism was also found associated with MI in nonsmokers.
It is of note that these associations were not modified by adjustment for circulating PAI-1 levels. The reason for the restriction of the relation between insulin and SERPINE1 polymorphisms to cases with MI is not understood. It could be attributable to the effect of another factor, overrepresented in MI and more generally in a stressed inflammatory situation that reinforces the link between SERPINE1 and the MetS, but such a factor has yet to be identified.
In the first report of the HIFMECH study, 26 only the Ϫ675 4G/5G polymorphism was studied in relation with the risk of MI and was found to interact with insulin to modulate the risk of MI, such that the risk mediated by higher insulin levels was only observed in 4G carriers. The haplotype analysis performed in this report suggested that this interaction was in fact the consequence of the joint effects of the rs6092 and rs7242 on insulin observed in cases only.
SERPINE1 haplotypes explained about 3.5% of the variability of PAI-1 levels, which is similar to that observed in the Framingham Heart Study. 34 The present study confirmed results from this latter study by demonstrating that other polymorphisms located outside the SERPINE1 promoter influence PAI-1 levels, but this is in disagreement with results from the study of Ding et al 35 which exclusively observed an effect of the Ϫ675 4G/5G polymorphism. The analysis here suggested that the observed haplotype effects were attributable to the combined effects of 3 SNPs, Ϫ844AϾG, rs2227666, and rs2227694. In the Framingham Heart Study, it was impossible to distinguish which of the 2 polymorphisms (AϪ844G and Ϫ675 4G/5G) was responsible for the association with PAI-1 levels. In the present study, the data suggest that the effect of the Ϫ675 4G/5G polymorphism observed in univariate analysis was the consequence of its LD with the Ϫ844AϾG. In view of the results of the Framingham Heart Study, 34 2 others polymorphisms, rs6465787 and rs2227692, were also found associated with PAI-1 plasma levels. The rs6465787 SNP was not genotyped in our study because of its minor allele frequency (2%, 34) and its complete LD with the Ϫ844AϾG, which meant it would be impossible to distinguish its potential effect on PAI-1 levels from that of the Ϫ844AϾG SNP. The rs2227692 was not genotyped in our study as it is completely tagged by the rs2227667 and rs2227672 SNPs, the rs2227692-T allele being equivalent to the haplotype defined by the rs2227667-G and rs2227672-G alleles (see HapMap database at www. hapmap.org).
It is to note that, because of the LD among the 9 SNPs studied, a standard Bonferroni correction for multiple testing would not be appropriate because it would have been too conservative. Using the method proposed by Li and Ji, 46 the number of independent components underlying the LD struc-ture of the set of SNPs was estimated to be 7. Correcting for this number, which corresponds to consider significant any probability value Յ0.007 should be considered as significant, would not have altered the main conclusions of our analyses.
Conclusions
SERPINE1 haplotypes are not associated with the risk of MI in the overall cohort. However, they are mildly associated with plasma levels of PAI-1 and with the risk of MI in nonsmokers. They are also mildly associated with insulin levels and BMI. Six SNPs are associated with these different clinical and biological phenotypes, suggesting that modifications of SERPINE1 expression involved in these processes are regulated via different pathways. Besides, our haplotype analysis suggested that among the 2 promoter polymorphisms rs2227631 (Ϫ844AϾG) and rs1799889 (Ϫ675 4G/5G) which are in tight LD, the former associated with MI, is more likely to be associated with PAI-1 levels.
